Introduction 1 2
A brown alga (Ascophyllum nodosum) used as a raw material for the preparation of 3 alginate, contains ascophyllan (xylofucoglycuronan) as a sulfated polysaccharide structurally 4 similar but distinguishable from fucoidan [1, 2] . Our previous studies have demonstrated that 5 ascophyllan showed a growth-promoting activity on MDCK cells, while fucoidan was rather 6 toxic to this cell line [3] . Furthermore, we found that ascophyllan had capability to induce the 7 secretion of cytokine such as tumor necrosis factor-α (TNF-α) and granulocyte 8 colony-stimulating factor (G-CSF) from mouse macrophage RAW264.7 cells [4] . Recent study 9 has also demonstrated that ascophyllan induced much higher level of nitric oxide (NO) 10 production from RAW264.7 cells than those induced by fucoidans isolated from Fucus 11 vesiculosus and Ascophyllum nodosum [5] . Reverse transcription polymerase chain reaction 12 (RT-PCR) and western blot analysis revealed that the expression level of inducible NO synthase 13 (iNOS) in ascophyllan-treated RAW264.7 cells was much higher than the level induced by 14 fucoidans [5] . Electrophoretic mobility shift assay (EMSA) using infrared dye labeled nuclear 15 factor-kappa B (NF-κB) and AP-1 consensus sequences suggested that ascophyllan strongly 16 activated these transcription factors [5] . These in vitro studies suggest that ascophyllan has a 17 potent activity to stimulate macrophages to induce the secretion of NO and cytokines through 18 the activation of intracellular signaling pathways. In addition, antitumor activity of ascophyllan 19 was observed in Sarcoma 180 ascites tumor-bearing mice model [6] . Since ascophyllan showed 20 no significant direct cytotoxic effect on Sarcoma 180 cells, the antitumor activity was 21 considered to be mainly exerted through the activation of host immune system [6] . 22 Macrophages are multifunctional cells and play important roles in host defense 23 system. After activation, they produce various inflammatory mediators and cytokines such as 24 NO and TNF-α as mentioned above. Activation of macrophages is also associated with rise in 25 oxygen consumption, leading to the production of reactive oxygen species (ROS), which play a 26 pivotal role in the host defense against invading pathogens. This oxygen-related metabolic 27 event is called the respiratory burst and NADPH oxidase is involved in the process as a main Plasma membrane fractions were prepared as described previously [14] . In brief, RAW264. mM NaCl, 1 mM EGTA, 1% CHAPS, and 1% Triton X-100) containing 1% of protease 15 inhibitor cocktail (Nakalai tesque Co., Kyoto, Japan). Samples containing 20 µg of proteins 16 were subjected to 10 % of SDS-polyacrylamide gel, and western blot analysis using appropriate 17 antibodies (1:1,000) against nonphosphorylated-and phosphorylated-p38, -JNK, and -ERK 18 MAP kinases were carried out by the similar way as described above. To standardize the loaded 19 protein levels, blotting with anti-β-actin antibody was also conducted at the same time. To estimate molecular mass of ascophyllan, gel filtration chromatography was conducted. 4 The apparent molecular weight of ascophyllan was estimated to be about 390 kDa based on the 5 standard curve prepared from dextrans. ascophyllan. The effect of ascophyllan was concentration-dependent, and became the highest at 12 100 μg/ml. At 1,000 μg/ml, the CL response rather declined. Since the CL response induced by 13 ascophyllan (100 μg/ml) was inhibited by superoxide dismutase (SOD), it was confirmed that 14 the CL was due to superoxide. The CL response induced by 100 μg/ml of ascophyllan was 15 comparable to that induced by 0.1 µg/ml of PMA, which had slightly different kinetics. was added to the reaction mixture, a rapid CL response was observed (control), and the CL 22 response was significantly reduced by ascophyllan in a concentration-dependent manner. In the 23 presence of 1,000 μg/ml of ascophyllan, the integrated CL value during 2 min decreased to the 24 similar level observed in the presence of 100 U/ml of SOD (Fig. 2) . In the absence of any stimulants (control), ROS level in murine PEC macrophages was 1 almost trace level (Fig. 3) . Similar to RAW264.7 cells, increased ROS production was induced 2 in murine primary macrophages by ascophyllan (100 μg/ml), and the increased ROS level was 3 suppressed by SOD. for the formation of active NADPH oxidase [9] . In this study, we examined the membrane 25 levels of p67 phox and p47 phox in ascophyllan-treated RAW264.7 cells. As shown in are specific inhibitors for ERK, p38, and JNK MAP kinase, respectively, were examined. As 10 shown in Table 1 , SP600125 showed the most potent inhibitory effect on ascophyllan-induced 11 ROS production in RAW264.7 cells. PD98059 showed the partial inhibitory effect but 12 SB202190 had almost no effect. These results suggest that JNK MAP kinase mainly To gain insight into structure-activity relationship, we also examined the activities of 4 fucoidan and dextran sulfate to induce ROS production in RAW264.7 cells, and compared to 5 that of ascophyllan. As shown in Fig. 7 , 100 μg/ml of fucoidan induced ROS production, and 6 the activity was slightly higher than that of ascophyllan, while 100 μg/ml of dextran sulfate 7 showed no significant activity. oxidase. This is the first report indicating that a sulfated polysaccharide can be a stimulator of 8 the respiratory burst activity in macrophages.
9
Regarding seaweed-derived polysaccharides with stimulating activity on the 10 respiratory burst of phagocytes, it has been reported that water-soluble extracts obtained from 11 several seaweed species including three green algae, three brown algae, and one red alga 12 showed potent stimulatory effect on the respiratory burst of fish (turbot) leucocytes, and the 13 activity was mainly associated with polysaccharide fractions [17] . Among the samples tested, 14 the polysaccharide fractions obtained from Ulva rigida were especially active [17] . 15 Pre-incubation of the fish phagocytes with the extracts obtained from U. rigida and subsequent 16 incubation with PMA resulted in higher respiratory burst activity than that in control cells 17 stimulated with PMA alone. Thus, it seems that the extracts had a priming effects rather than a 18 direct activation on the respiratory burst [17] . Further studies on the polysaccharide fractions showed priming effects, and preincubation with these agents prior to administering a stimulant 6 resulted in much higher ROS generation than that induced by a stimulant alone [23] [24] [25] [26] . High 7 concentrations of these priming agents themselves can also lead to the production of O 2 − [27].
8
Based on the results obtained in this study, it is considered that ascophyllan acts as a direct 9 stimulant to activate macrophages, which may be distinct action mechanism from those of 10 polysaccharides with priming effects described above.
11
It has been known that the major receptors for polysaccharides recognition in (Table 1 ). In addition, the western blot analysis showed that JNK MAPK was 
